Focusing on B-emission stars, we investigated a set of Hα equivalent widths calculated from observed spectra acquired over a period of about 4 years from 2003 to 2007. During this time, changes in equivalent width for our program stars were monitored. We have found a simple statistical method to quantify these changes in our observations. This statistical test, commonly called the F ratio, involves calculating the ratio of the external and internal error. We show that the application of this technique can be used to place bounds on the degree of variability of Be stars. This observational tool provides a quantitative way to find Be stars at particular stages of variability requiring relatively little observational data.
to observationally monitor the Be star/disk system at particular stages of variability, for example during a disk loss or disk growth event, if we hope to improve our understanding of these objects.
We have applied a statistical method to our observations in the Hα emitting region of Be stars to find and to classify particular systems based on their degree of variability.
This method utilizes the ratio of external to internal error (E/I) and number of degrees of freedom of the system. This test is commonly known as the E/I test, F test or variance ratio. Please see Fisher et al. (1987) for more detail. Our application of the F test uses the equivalent width (EW ) of the Hα spectral line to place a quantitative bound on the degree of variability of a particular star/disk system and in doing so, allows one to determine if a particular system should be monitored more frequently. Basically, this method tests the null hypothesis so if the errors are equal then the ratio will be 1. In our case, a rejection of the null hypothesis means that the system is variable. We note that the F test has been used previously in astrophysics. For example, Garmany et al. (1980) used this test to search for binary systems in O stars. This paper is organized as follows; the observations and data analysis can be found in Section 2, and the results in Section 3. A discussion including comparisons with previous studies is provided in Section 4. Section 5 summarizes our work.
Observations and Data Analysis
Spectroscopic observations of the 56 program stars were acquired between 2003
December and 2007 December at the Lowell Observatory's 42-inch John S. Hall telescope (located near Flagstaff, Arizona) equipped with the Solar Stellar Spectrograph (SSS). The SSS instrument is an echelle spectrograph with a resolving power of 10,000 in the Hα -5 -region. The spectroscopic observations were processed using routines developed for the SSS instrument (Hall et al. 1994 ). There are a number of observations not included in the analysis where the flux at the emission line has been saturated due to an overexposure.
Two criteria were used to select the program stars; known Be stars that were brighter than approximately magnitude 5 in the V band, and those with declinations north of about
−20
o to be accessible from the telescope at air-masses of less than 2. However, in order to include as many Be stars as possible, there were some exceptions. For example we included fainter Be stars with strong Hα emission and bright Be stars with declinations below the threshold. We note that 49 of the 56 program stars in this study are B spectral types, however five A-type stars and two late O-type stars that showed Hα emission were also included in the study. The full list of targets can be found in Table 1 . Figure 1 shows the distribution of the program stars as a function of spectral type. Due to the difficulty of assigning spectral types for Be stars, there is likely considerable error in the spectral designation (and luminosity class) of particular stars (see Steele et al. (1999) for further discussion). We note that there are significantly more B2 stars compared with other types in the study. In fact, the B2 spectral types represent 25% of the program stars. This distribution of Be stars is typical of other studies. For example, figure 1 in Porter (1996) and figure 5 in Slettebak (1982) show this characteristic maximum for Be stars at spectral type B2.
For each target, a plot showing the variation of Hα equivalent width (EW ) with time including the estimated error was constructed. An example of such a plot is shown in Figure 2 for the star 23 Tau (HR 1156). Each observation is shown along with its estimated error. Also shown in the plot is the mean EW , and the mean ± one standard deviation calculated based on all the samples. Throughout this paper, we follow the standard convention of denoting the EW of the Hα line as positive when observed in absorption and -6 -negative when in emission.
Technically the uncertainty of the EW is based on two sources of error; continuum normalization and the combination of photometric noise in the presence of telluric lines.
The first and most dominant being the error associated with continuum normalization.
Because the EW is measured with respect to the continuum, any scaling error in the level of the continuum translates directly to a multiplicative error in EW . Based on our experience on how well the continuum normalization can be performed, and how reproducible it is from exposure to exposure and from star to star, we estimate this source of error to be at the 3% level.
The second source of error in EW is related to the combination of photometric noise (which is low for most of our bright sources) and the presence of telluric lines. The telluric lines vary with the amount of atmospheric absorption, which not only changes during the night, but also from night to night (especially across different seasons) as the atmospheric conditions vary, mostly due to changes in the amount of water vapor. For example, we used spectra of the telluric standard α Leo (HR 3982) to estimate the average impact of telluric lines across the Hα line. We analyzed ten spectra of α Leo obtained on different nights and varying airmasses that were comparable to the typical conditions at which spectra of Be stars were obtained. We then fitted a smoothed Voigt profile to the absorption line to estimate the telluric component that contributed to the overall equivalent width of the Hα line. The telluric component in the Hα line of α Leo (with an EW of 0.60 nm) ranged from 0.015 to 0.025 nm, which represents a fractional contribution of 2% to 4%. Therefore, we note that by ignoring the telluric contribution we might be underestimating the strength of the Hα emission in our program stars by as much as 4%, and we are not accounting for any possible additional variability that might be present due to changes in telluric line absorption at the ∼2% level.
Our tests to establish the telluric contribution in the Hα line showed that it was not possible to make a high precision telluric correction. Therefore, we concluded that utilizing the spectra we have accessible in our archival data set we cannot perform such a correction at the desired level. We do acknowledge that leaving the EW measures uncorrected for telluric contribution leaves the systematic effect of telluric absorption in our results.
However, we choose not to increase the uncertainty of our results by applying a correction factor that can produce errors as large (if not larger) than the underlying contribution we are trying to correct for. Therefore, our estimate for the uncertainty associated with the EW measure is fixed at the 3% level.
When more than one observation was present for a given target star, we have also calculated the mean uncertainty
where σ i is the uncertainty of the i th data point, and N is the total number of spectra of a given target star. Similarly, the standard deviation of the sample was calculated using
N − 1 in Equation 2 corresponds to the degree of freedom used for the F test. Having obtained σ and s allowed us to calculate a simple observable to assess the variability of a given target using a ratio of the form
This ratio along with the number of spectra allows a quantitative assessment to be assigned to the variability of a particular target in terms of the amount of change in the EW of Hα.
Therefore, the emphasis of this work is subtly different than the focus of many studies in the literature that have focused on obtaining the period of the variability.
We have calculated the F ratio and corresponding confidence level for all our targets.
The individual values are listed in Table 1 . The confidence level, C, takes into account the number of spectra available for each target. Therefore this column should be used assess the variability of a particular target. For example, for HR 193, the first star in Table 1 , the F ratio is 1.73 and C is 0.86. This means that this source is variable at the 86% confidence level, or in other words this is the confidence level at which we conclude that the sample variance based on the entire set of spectra for HR 193 and the variance based on the mean uncertainty are different.
The program stars were also investigated for obvious trends in the Hα EW , such as increasing or decreasing over the duration of this study. In order to quantitatively assess a trend, we fit a line to each set of Hα EW s for a particular target. We calculated the slope and error from line fitting for each line. Since we are only interested in assessing the trend and not in the numerical value of the slope, observational errors were not included in the slope fitting. Also, for this analysis we did not include any stars for which only two observations were available. Table 2 lists the slope and the slope divided by the error for each target. Recall that since we have adopted the convention that emission corresponds to a negative EW , negative slopes correspond to an increase in Hα EW and vice versa. In order to help the reader assess these numbers, in the final column of Table 2 , a trend of gain (G) or loss (L) in Hα EW is assigned to targets with a 3 σ detection or greater and are variable with a confidence of greater than 90%.
Results
The C value for each program star is plotted in Figure 3 and the frequency with which each value occurs is shown in the inverted histogram below the abscissa. The value of C ranges from a minimum of 0 to a maximum of greater than 99%. Of the 56 targets analyzed, 77% of them were categorized as variable with a C of 90% or greater. Only 11% of the program stars were variable with a confidence of less than 50%. Within this group of six targets, 4 had only 2 or 3 spectra obtained resulting in the low value of C. The other two stars, ψ Per (HR 1087) and 48 Per (HR 1273) have 17 and 18 spectra with C of 34% and 0%, respectively. This points to the global stability of the Hα emitting region for these two systems. Figure 4 shows the plot of EW versus time for the early Be star, γ Cas (HR 264).
The application of the F test reveals that this system is variable at the confidence level of 94%. We note that this star shows more moderate variations in the Hα EW ranging from a minimum of -2.88 nm to a maximum of -3.39 nm over the time it was monitored in our study. Despite these moderate variations in EW , the results from the line fitting analysis (shown Table 2 ) also allow us to designate this star as showing a definite Hα EW increasing trend (G) at the 12 σ level. This illustrates the point that the variability criteria using this statistical technique can be adjusted as needed, depending on the needs of a specific observing program.
β Lyr (HR 7106) is an example of a star that we find is variable with C > 99%. The plot of EW versus time for this star is shown in Figure 5 . The Hα EW ranges from a minimum of -1.15 nm to a maximum of -2.68 nm over the time it was monitored in this investigation. For this star, although it is certainly variable, we do not find an obvious trend in Hα EW (see Table 2 ). This designation does not necessarily mean that there is no periodicity; it simply means that there is no monotonically increasing or decreasing trend.
Perhaps this should be expected based on the close binary nature of this source (Zhao et al. 2008; Schmitt et al. 2009 ). This star is a known interacting binary with an orbital period of 12.9421 days (Kreiner 2004) . The random (perhaps periodic) nature of this variability can be seen in Figure 5 . Figure 6 shows the plot of EW for the star ω Ori (HR 1934) and is another example of a variable star with C > 99%. Overall, it may appear that there is a trend towards less negative numbers corresponding to a decrease in overall Hα emission. However, we were not able to make this claim at the 3 σ level and have chosen instead, to present the numbers in Table 2 and allow the reader to make their own assessment. This may be an example where more observations are required to determine whether this is a monotonic decreasing trend or whether this is periodic or random behavior. Table 2 support this interpretation.
Discussion
We have a number of stars in common with other studies of Be star variability including studies of photometric variability and line profile variations. While this study focuses specifically on changes in the Hα equivalent width, it is interesting to compare our results with properties others have found for the same stars. Rather than discuss every star we have in common with previous investigations, we have chosen a selection of some of the more interesting cases and cases that highlight similarities or differences between our study and other work in the literature. This discussion is provided to allow the reader to assess the value of this simple, but illuminating technique.
One of our program stars, ω CMa (HR 2749) has been previously studied by Rivinius et al. (2003) , Maintz et al. (2003 ), andStefl et al. (1999 and its' line profile variability is well known. This star has been found to have a period of ∼ 1.5 days (Steele et al. 1999) . For this particular star we only have three observations, and in combination with the fact that this star is variable on a relatively short time scale our ratio will be susceptible to sampling limitations. Not surprisingly our results fail to establish variability of this source, which is also reflected in a C value of only 33%. We also note that it is possible to have changes in the shape of the Hα profile without affecting the value of the Hα equivalent width as long as increases or decreases in emission or absorption cancel out. For example, there could be a significant change in the V/R (violet to red) ratio where the reduction in EW due to a weaker V component is compensated by an increase in R, or vice versa. However, other program stars that vary on short time scales were captured by our technique. For example, φ Per (HR 496) is a known short period variable (Hubert & Floquet 1998 ) and our study clearly identifies this star as variable with a confidence of > 99%. Furthermore, our line fitting technique (see Table 2 ) indicates that this system is undergoing a reduction in Hα emission. Neveretheless, ω CMa is a good example to illustrate the subtle difference in this technique compared with other studies.
This tool is designed to capture changes in the Hα equivalent width. The Hα emitting region typically extends several stellar radii from the central star (Tycner et al. 2006 ).
Large changes in Hα equivalent width will occur with variations in disk density, changes in optical depths that affect emission, or a change in the distribution of disk material. As such, our application of the F test is designed to identify systems that may be experiencing significant changes in their density and thermal structure.
For the Be star υ Cyg (HR 8146) we find that it is variable with a confidence of > 99%.
This star was previously identified as having long period variability by Hubert & Floquet (1998) and also was noted as variable by Percy et al. (2002) . Hubert & Floquet (1998) mention that this star exhibited a strong increase in brightness followed by a very slow decline over 400 days. Percy et al. (2002) correlate the amplitude of the short period variations with possible disk growth and loss suggested by changes in brightness over a longer term. Our technique agrees with and reflects the nature of the variability for this star.
Large changes in Hα equivalent width have been noted in the literature for 66 Oph (HR 6712). Peters (1989 Peters ( , 1992 ; Hanuschik et al. (1996) and Hubert & Floquet (1998) all report large changes, with Hipparcos also showing 3 large outbursts (Hubert & Floquet 1998) . We find that his star is variable with C > 99%. Our result is in clear agreement with these studies. Furthermore, we find that during the time of our observations that the Hα EW for 66 Oph was undergoing a decreasing trend. Similarly ω Ori (HR 1934) has been noted to exhibit recurrent outbursts (Peters 1996) . We find that this star is variable at > 99%. As expected, our technique captures the change expected due to these large outbursts. Hubert & Floquet (1998) find that larger amplitudes of light variability using Hipparcos photometry are found more often in the early Be stars (33% of B0-B2e) compared with late types (10% B7-B9e). Hubert & Floquet (1998) do have a larger set of stars but a comparison of their figure 1 with our Figure 1 shows the number distribution for both studies as of function of spectral type are quite similar. Their finding is consistent with our statistics especially considering that we expect our technique to be most sensitive to significant changes in the disk density. We find 55% of our sample is variable with confidence of 99% or greater. Within this group of variable stars, 45% are early Be stars (B0-B2) while 29% are late-type (B7-B9).
We also considered whether or not the application of the F test may be biased toward finding variability with a high confidence level for stars with particularly strong Hα emission. Figure 3 (discussed above) also shows the correlation of EW versus C. It is clear that stars represented by variability with the highest confidence of greater than 90% exhibit a substantial range in the strength of Hα EW . In fact, as shown in Figure 3 the highest values of C have the greatest proportion of stars with weak emission. This supports the view that this simple statistical technique can be used to effectively to find Be stars at particular stages.
Summary
We have investigated, a simple but quantitative way to determine whether a Be star is variable based on EW measurements of the Hα emission line. Since the Hα spectral line is often the most prominent feature in Be star spectra, the Hα spectra are often easy to obtain through new observations or are often available in the literature. Our application of the F test based on σ and s, provides a simple quantitative assessment about the change in the EW of Hα for an object. This technique can be used to find Be stars in particular stages of variability or alternatively can be used to determine when a star/disk system is changing and needs to be monitored closely. The specific connection between photometric variability and changes in Hα equivalent width remains unclear and improvements in understanding Be star variability is key to the development and testing of dynamical models (Hubert & Floquet 1998) . We should also mention that our measurements do not differentiate from line emission changes or continuum changes and either of these could result in changes in EW measure.
A prerequisite to the development of successful dynamical models will be timely observations that adequately sample the disk-loss, and disk-growth events of classical Be Be stars that transitioned between B and Be phases, clear evidence that it is possible to find reasonably sized samples to investigate particular evolutionary stages. These transition phases were recently investigated using spectropolarimetric data for the Be stars, π Aquarii -14 -and 60 Cygni by Wisniewski et al. (2010) . π Aqr (HR 8539) is one of our program stars that we find variable. We also find a trend in decreasing Hα EW during our study (see Table 2 ). Interestingly, Wisniewski et al. (2010) find that during one of the disk loss phases there were two extended outburst events. These events seemed to halt the disk loss phase for some time. We have a significant data set for π Aqr, and the most recent spectra we obtained, suggests that the Hα EW may be starting to increase again. It is clear that observations acquired at particular stages are key to improving our understanding of Be stars and their intrinsic variability.
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